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The first determination of the absolute configuration of an organic compound was published in 1951 on sodium rubidium (+)-tartrate tetrahydrate, Na + ÁRb + ÁC 4 H 4 O 6
2À
Á4H 2 O, but the atomic coordinates are not available in the public literature. This structure has therefore been redetermined using current equipment. The most up-to-date techniques for the determination of the absolute configuration have been applied and the question posed in the title can be answered with an unequivocal 'yes'.
Comment
In their seminal experiment on sodium rubidium tartrate, (I), the group of Bijvoet Bijvoet et al., 1951) performed the first determination of the absolute configuration of an organic compound. This experiment changed the history of organic chemistry, because the stereochemistry could now be determined by experiment. It also started a new era in X-ray crystallography, because molecular properties could now be related to the absolute configuration.
The Bijvoet experiment to determine the absolute configuration of the organic tartrate molecule made use of the resonant scattering effect, which had been discovered a few years before with the inorganic compound ZnS (Coster et al., 1930) . By choosing a wavelength close to the K-absorption edge, the equivalence of reflection intensities due to Friedel's law is broken and a difference of intensities occurs. Nowadays, these differences are often called 'Bijvoet differences'. By comparing 15 of these differences from the diffraction experiment with the differences calculated from the structural model, Bijvoet et al. (1951) could confirm that the arbitrary Fischer nomenclature and absolute structure assignment for the organic stereochemistry were actually correct.
The experimental X-ray data used by Bijvoet et al. (1951) were measured with monochromated Zr radiation and obtained from a first layer (001) Weissenberg diagram. The structural model and atomic coordinates were taken from a Cu experiment by Beevers & Hughes (1941) . These atomic coordinates, which are also given in the PhD thesis of Peerdeman (1955) , are not available in the Cambridge Structural Database (Allen, 2002) . Interestingly, newer X-ray crystal structure determinations of (I) are also absent from this database. We therefore decided to redetermine the crystal structure with modern equipment and experimental conditions, and to apply current methods and algorithms for the absolute structure determination.
The crystal structure of (I) is isomorphous with the corresponding sodium potassium tartrate (Rochelle salt or Seignette's salt) and sodium ammonium tartrate (ammonium Rochelle salt). The crystal structures of these salts have been described before Suzuki, Muta et al., 1996; Suzuki, Kabasawa et al., 1996; Solans et al., 1997) . The rubidium ions are located on two independent special positions on twofold rotation axes (Wyckoff positions a and b) and the sodium ions are on general positions. Therefore, the overall composition in the asymmetric unit is one tartrate anion, one sodium ion, two half rubidium ions and four water molecules (Fig. 1) .
The crystal structure consists of alternating layers of metal coordination polyhedra and hydrogen-bonded tartrate-water networks, which are both parallel to the crystallographic ac plane (Fig. 2) . Atom Rb1 has a very large variation in Rb-O distances. It is thus difficult to define its first coordination sphere. We assume for atom Rb1 a sixfold coordination with a severely distorted octahedral geometry, but it should be noted that the Rb-O distances of 3.4088 (18) and 3.5925 (15) Å , which we consider to be in the second coordination sphere, are also quite short. For atom Rb2, the range of Rb-O distances is more narrow and we consider this ion as eight-coordinated with a bicapped trigonal prismatic geometry. Atom Na1 has a distorted octahedral geometry.
The tartrate molecule has no molecular symmetry. The O1-C1-C2-C3 and O4-C4-C3-C2 torsion angles, which should be equal in the case of twofold symmetry, differ by 10.4 (2) . Both carboxylate groups are deprotonated, while the hydroxy groups are still protonated. Atoms O2 of a carboxylate group and O6 of a hydroxy group are not directly coordinated to an alkali metal ion, but there is no difference in C-O distances compared with the corresponding coordinated atoms. The uncoordinated O6 atom is an acceptor of two hydrogen bonds, in contrast to the coordinated O5 atom, which does not accept hydrogen bonds. The hydrogen bonds between the tartrate ions and the water molecules, with the exception of water molecule O8, form a complicated twodimensional network, which is located between the layers of coordination polyhedra. The coordination polyhedra are linked in the b direction via the hydrogen-bonded network, and vice versa. Water molecule O8 is an exception, because it does not belong to the two-dimensional hydrogen-bonded network but is coordinated to three alkali metal ions and is a linker between the water-tartrate layers. Atom O8 does not accept hydrogen bonds but is a donor of two. The geometry of the hydrogen bonds (Table 2) corresponds well with the published data (Solans et al., 1997) . Atoms C2 and C3 both have the R configuration, which is established from the enantiopure starting material and by the absolute structure determination in the X-ray diffraction experiment (see below).
In the original Bijvoet experiment, Zr radiation with a wavelength of 0.788 Å was used because it is close to the K-absorption limit of rubidium (0.814 Å ; Peerdeman, 1955) . This led to values of À3.1 and 3.2 for f 0 and f 00 , respectively. With the software SCATFAC (Laugier & Bochu, 2002) , using the method of Waasmaier & Kirfel (1995) , newer values for f 0 and f 00 are calculated as À2.523 and 3.535, respectively, and the latest edition of the International Tables for Crystallography (Deslattes et al., 2004) gives a theoretical value of 0.815270 (12) Å for the K-absorption edge of Rb. In the present diffraction experiment of (I), we used Mo radiation with a wavelength of 0.71073 Å , which is more readily available but is slightly further away from the rubidium K-absorption edge. Therefore, the magnitudes of f 0 and f 00 are somewhat smaller, at À0.953 and 2.928, respectively.
In a careful analysis of absolute structure determinations by Flack & Shmueli (2007) , it has been shown that not only the strongest resonant scatterers but all atoms in the unit cell must be taken into account. That publication introduces a parameter, Friedif, in order to make an a priori estimation of the Bijvoet differences on the basis of the composition of the crystal. For (I), we calculate Friedif as 1302 Â 10 À4 and 1096 Â 10 À4 for Zr and Mo radiation. A search for additional symmetry using the ADDSYM routine of PLATON (Spek, 2003) shows that the Rb and Na atoms have a centrosymmetric substructure [100% fit to space group Pmmn after an origin shift of ( 1 4 , 1 4 , 0)]. This centrosymmetric substructure can be taken into account in the calculation of Friedif (Flack & Shmueli, 2007) , which is then 1216 Â 10 À4 and 1024 Â 10 À4 for Zr and Mo radiation.
The Bijvoet differences for the 15 reflections reported in the original papers (see above) were recalculated with the present Mo radiation data of (I). Despite the different wavelength in the present experiment, all signs of Á obs comply with the corresponding Á calc values (Table 3 ). The magnitudes of Á obs and Á calc are also very similar, but the magnitudes are less important for the absolute structure determination. By using the same methodology and the same 15 reflections as in the 50-year old experiment we could confirm the absolute configuration of (I).
As introduced by Flack (1983) , every noncentrosymmetric crystal structure can be refined as an inversion twin. The observed intensities I then have contributions from both individuals,
, and the Flack parameter x can be refined in the least-squares refinement together with other structural parameters, such as, for example, atomic coordinates and displacement parameters. The standard uncertainty u obtained from this refinement is a measure of the inversion-distinguishing power (Flack & Bernardinelli, 2000) . To avoid an underestimation of u, we included TWIN/BASF cards in the instruction file. The refined value of x for (I) is À0.007 (6), confirming the enantiopurity of the crystal and the correct absolute structure. The standard uncertainty (< 0.04) is small enough to characterize the inversion-distinguishing power as strong. Hooft et al. (2008) introduced a method that can be considered as a further development of the original Bijvoet idea. With this new approach, not only a small subset of 15 reflections is used, but the Bijvoet differences are calculated for all Bijvoet pairs present. By the application of Bayesian statistics, it is possible to extract valuable information from these differences, even in the case of weak anomalous scattering power. With this method, a value of y can be derived The packing of (I) in the unit cell, viewed along the crystallographic c axis. Coordination polyhedra of Rb are shown in mid-grey (green in the electronic version of the paper) and those of Na in pale grey (yellow).
electronic reprint from a probability distribution of differences (Á obs À Á calc )/ Á ; y has a physical range between 0.0 and 1.0, and its behaviour is thus comparable to that of the Flack x parameter. Because y is calculated from the F 2 o /F 2 c listing, y is not part of the least-squares refinement and is thus not affected by correlations with the atomic parameters. For (I), we determine y = À0.011 (4), again confirming the enantiopurity and correctness of the absolute configuration. The completeness of Friedel pairs is 99.9%. A plot of 934 Bijvoet pairs with significant Bijvoet differences is shown in Fig. 3 . Besides the confirmation of the absolute structure, this plot shows that the largest Bijvoet differences are for the reflections 132 and 221, which both have the correct sign. They do not belong to the selection of 15 reflections in the original Bijvoet experiment.
The program DIRDIF2008 (Beurskens et al., 2008) calculates a Bijvoet coefficient B for the 100 strongest Bijvoet pairs. Thereby B is a weighted average of the signs of the Bijvoet differences. The expected range of B is between À1.0 for the wrong and +1.0 for the correct assignment of the absolute configuration. For the calculation of B we used an atomic model with isotropic displacement parameters and without the contribution of H atoms. For (I), a value of 1.000 is obtained for B, which is another confirmation of the correct absolute configuration.
Experimental
A solution of (+)-tartaric acid (BDH Chemicals Ltd, Poole, England) in water was heated to 333 K, and an aqueous solution of equimolar amounts of sodium carbonate and rubidium carbonate was added dropwise. At first, rubidium hydrogen tartrate precipitated. Addition of the carbonate solution was continued until the evolution of CO 2 stopped and the initial precipitate had completely redissolved. This solution was then left at room temperature until a white solid formed. Crystals suitable for single-crystal X-ray diffraction were obtained by recrystallization from a minimum amount of water. A scatter plot of Bijvoet differences, prepared using the program PLATON (Spek, 2003) . Shown are 934 pairs where Á obs > 0.25(Á obs ). 842 reflections confirming the absolute structure are shown in black. 92 reflections with the wrong sign (at the centre of the plot) are shown in grey (red in the electronic version of the paper). Table 2 Hydrogen-bond geometry (Å , ). Table 3 Bijvoet differences in the crystal structure of (I). electronic reprint
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